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$G$ $(K, \mathcal{O}, F)$ $\mathrm{c}\mathrm{h}(K)=0,$ $\mathrm{c}\mathrm{h}(F)=p>0$
$G$ ( ) $p- \text{ }=$. $R=O,$ $F$





: $P$ $G$ Sylow $P$- $N_{G}(P)$ $P$ $G$
$P$ $B_{0}(\mathcal{O}c)$ $B_{0}(\mathcal{O}\mathit{1}\backslash _{G}\tau(P))$
?
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$p=3,3||$ $q+1,$ $G=\mathrm{G}\mathrm{L}(4, q)$ $\mathrm{G}\mathrm{L}(5, q)$
$B_{0}(oc)$ Brou\’e
$p=3,$ $q$ 3 $||q+1$
( T 1 ) $P$
$G$ Sylow p-
3 I
Theorem 3.1. $G=\mathrm{G}\mathrm{L}(5, q)\Rightarrow B_{0}(\mathcal{O}c)$ $B_{0}(\mathcal{O}Nc(P))$
:3 $||q+1$ $P\cong Z_{3}\cross Z_{3}$ $N_{G}(P)\cong$
$Z_{q-1}\cross((Z_{q^{2}-1}\cross Z_{q}2_{-}1)\rangle\triangleleft D8)$ $B_{0}(oG)$ $B_{0}(oP\lambda D_{8})$
Corollary 3.2. $G=\mathrm{P}\mathrm{S}\mathrm{L}(5, q)\Rightarrow B_{0}(\dot{o}c)$ $B_{0}(\mathcal{O}Nc(P))$
4 II
Theorem 4.1. $G=\mathrm{G}\mathrm{L}(4, q)\Rightarrow B_{0}(Fc)$ $B_{0}(FA_{8})$
(8 $A_{8}\cong \mathrm{G}\mathrm{L}(4,2)$ )
.$\cdot$. $N_{c}(P)\cong(Zq^{2}-1\cross Z_{q^{2}-1})\lambda D_{8}$
89
Corollary 4.2. $G=\mathrm{P}\mathrm{S}\mathrm{L}(4, q)\Rightarrow B_{0}(FG)$ $B_{0}(FA_{8})$
[17] $B_{0}(FA_{8})$ $B_{0}(F(Z3\mathrm{X}Z_{3})xD_{8})$
Corollary 4.3. $G=\mathrm{G}\mathrm{L}(4, q)\Rightarrow B_{0}(FG)$ $B_{0}(FNc(P))$
.
Corollary 4.4. $G=\mathrm{P}\mathrm{S}\mathrm{L}(4, q)\Rightarrow B_{0}(FG)$ $B_{0}(FNG(P\mathrm{I})$
5
$G=\mathrm{G}\mathrm{L}(4, q)$ Dipper, Jallles
non-defining characteristic –
– [2], [3], [11], [12], [13], [14], [7] [8]
$F\mathrm{G}\mathrm{L}$ ( $n$ , q)-
$f(X)=X$ $\mathrm{F}_{q}$
( [7, p.266 $8.\mathrm{C}\mathrm{o}\mathrm{n}\mathrm{C}1\mathfrak{U}\mathrm{b}^{1}\mathrm{i}_{0}11\mathrm{b}^{1}$]
) $q$-Schur [14]
( $n\underline{<}10$ $\mathrm{G}.\mathrm{D}$ .James [8]
) $F\mathrm{G}\mathrm{L}$ ( $l\iota$ , q)-
$M_{F}(s, \lambda),$ $sF(S, \lambda),$ $D_{F}(S, \lambda)$ ( $S_{F}$
.
$(s, \lambda)$ ( $M_{F}(s, \lambda)$
$D_{F}(s, \lambda)$ $S_{F}(s, \lambda)$
90
[7] )
Step 1.[14, p.477. $11$ Theorem] $\{D_{F}(1, \lambda)|\lambda\vdash 4\}$
$B_{\mathit{0}}(FG)$- ( $\lambda\vdash nf\mathrm{h}\lambda$ $n$
)
Step 2. [7, p.2617.19 Theorem( )], [6] $M_{F}(1, (3,1))$
$(3, 1)$ Parabolic $G$
2 $D_{F}(1,$(4) $)$ 1 $D_{F}(1, (3,1))$
vertex 3 Scott
$H_{\text{ }}$
$P$- $Q$ $Q$ vertex
Scott Scott $(H, Q)$
Step 3. Fong-Srinivasan ([5, P. $147.(7\mathrm{A})][14$ , p. $49.(7.13)]$ )
$KG$- Dipper,James
9
$S_{K}(1,$(4) $),$ $S_{I\mathrm{t}^{r}}(1, (3,1)),$ $s_{I}\backslash ^{r(1}’(2^{2})),$ $S_{I1^{-(1}},$ $(2,1^{2})),$ $s_{K(1},$ (1) $)$ ,
$s_{Ii^{r}}(\omega,$(2) $),$ $SI\backslash ’(\omega,$(12) $),$ $(S_{I}\iota’(1,$(2) $)\mathrm{o}S_{I\mathrm{t}}r(\omega,$(1) $))\uparrow^{G}$ ,
$(S_{I\mathrm{c}^{\Gamma}}(1,$(1) $)\circ s_{I1^{\wedge(\omega}},$ (1) $))\uparrow^{G}$ ( $\omega$ $\mathrm{F}_{q^{2}}$ 1 3
) O’ : $R=K$, $F$ $S_{1},$ $S_{2}$
$R\mathrm{G}\mathrm{L}(2, \cdot q)$ - $L_{(2^{2})}=\mathrm{G}\mathrm{L}(2, q)\cross \mathrm{G}\mathrm{L}(2, q)$ $S_{1}\otimes_{R}$
$S_{2}$ $RL_{(2^{2})^{\text{ }}\circ}7$] $\mathrm{I}\text{ }$ (2) Parabolic
$P_{(2^{2})}^{+}$ $U_{(2^{2})}^{+}$. $P_{(2^{2})(}^{+}/U+2^{2}$ ) $\cong L_{(2^{2})}$





(4) $(3,1)$ (2) $(2,1^{2})$ (1)
$S_{I_{1}^{\prime(1}},$ (4) $)$ 1
$S_{I\iota’}(1, (3,1))$ 1 1
$S_{I^{\tau}1}r(1,$(22) $)$ 1 1
$s_{I\iota^{r}}(1, (2,1^{2}))$ 1 1 1 1
$S_{I\iota’}(1,$(1) $)$ 1 1 1
$S_{I\mathrm{t}}’(\omega,$(2) $)$ 1
$S_{I\backslash }’(\omega,$(12) $)$ 1
$(s_{I\iota’}(1,$(2) $)\circ S_{I_{1}^{r}}(\omega,$(1) $),)\uparrow G$ 1
$(S_{I_{1}^{\prime(}}1,$(12) $)\mathrm{o}s_{I}\iota’(\omega,$(1) $))\uparrow^{G}$ 1 1 1
$\lambda$ $D_{F}(1, \lambda)$ $(D_{F}(1,$(4) $)$ FG- )
:
Step 5. 9 $KG$- p-lllodular reduction FG-
1
$(S_{F}(1,$(1) $)\circ s_{F(\omega},$ (1) $))\uparrow^{G}$
$D_{F}(1,$(2) $),$ $DF(1, (2,1^{2})),$ $DF(1,$(1) $)$




Step 7. $\lambda\vdash 4,$ $\lambda\neq(3,1)$ $D_{F}(1, \lambda)$
: $Q$ 3
$\mathrm{G}\mathrm{L}(2, q)$ Sylow 3- Scott Scott $(\mathrm{G}\mathrm{L}(2, q))Q)$
Heart Green $\mathrm{s}_{\mathrm{c}\mathrm{o}}\mathrm{t}\mathrm{t}(N_{\mathrm{G}}\mathrm{L}(2,q)(Q),$ $Q)$ Heart
( $V$ Heart Rad $(V)/\mathrm{S}\mathrm{o}\mathrm{c}(V)$
Scott $(\mathrm{G}\mathrm{L}(2, q),$ $Q)$ Dipper-James




$M_{F}(1,$(1) $)$ Heart $D_{F}(1,$(1) $)$ $D_{F}(1,$(1) $)\cong$
$S_{F}(\omega,$(1) $)$ $F\mathrm{G}\mathrm{L}(2, q)$- $S_{F}(\omega,$(1) $)$
Step 4 Step 5
Step 6 Green
Step 8. $N_{G}(P)\cong(Z_{q^{2}-1}\cross Z_{q^{2}-1})\lambda D_{8}$
$B_{\mathit{0}}(FNc(\mathrm{p}))$- $I_{N_{C\tau}(^{p}}$ ), $3$ 1
$1_{1,N_{G}(p),c}1_{2}.N(p),3,N1(Gp))2$ $2_{\mathrm{r}}.\backslash _{G}^{\vee}(P)$ 5
Step 9. $D_{F}(1, (3,1))$ Green Top $1_{i_{I}\backslash _{G}^{r}()},p$
93
$\lambda\vdash 4$ $D_{F}(1, \lambda)$ Green $1_{i,\wedge^{-\backslash _{c}(P)}}.$,
Step 10. Linckelinann
6 Equivalence of module categories
Definition 6.1 (Broue). $A$ $B$ $F$
$\mathcal{M}$ $(B, A)-$ $\mathcal{N}$ $(A, B)-$ $\mathcal{M}$
$N$ $A$ $B$ stable equivalence of Morita tyPe
$\mathcal{M}$ $N$
$(A, A)$ - $X$ $(B, B)$ - $Y$
$N\otimes_{B}\mathcal{M}=A\oplus X$ $\mathcal{M}\otimes_{A}N=B\oplus Y$
.
Theorem 6.2 (Linckelmann). [9, p.89 Theorem 2.1] $A\text{ }B$
$F$
$\mathcal{M}$
$(B, A)$ - $-\otimes_{B}\mathcal{M}$ F-stable
equivalence $\mathrm{m}\mathrm{o}\mathrm{d} (B)\cong \mathrm{m}\mathrm{o}\mathrm{d} (A)$
(1) $(B, A)$ - $\mathcal{M}$ –
$\Lambda\Lambda’$
94
(2) $\mathcal{M}$ ( $B$ , A)-
$A$ $B$ stable equivalence of Morita tyPe
$A$ - $S$ $S\otimes_{A}\mathcal{M}$ B-
$A$ - $S$ $S\otimes_{A}\mathcal{M}$ B-
$\mathcal{M}$ $A$ $B$
6.0.2
[17, p. 114] $B_{0}(G)$
$FG$ $p$- $G$ Sylow $p$- $P$
$H$ $G$ $P$ $B_{0}(G)$
$\mathrm{v}\mathrm{e}\iota\cdot \mathrm{t}\mathrm{e}\mathrm{x}\triangle(P)$ F[G $\cross$ G]-
$B_{0}(G)$ $F[G\cross H]$ - vertex $\triangle(P)$ –
$\mathcal{M}(1)$ , $\mathcal{M}(1)$ ( $B_{0}(G)$ , Bo(H))-
$N(1)=\mathrm{H}\mathrm{o}\mathrm{m}_{B_{0()}}G(\mathcal{M}(1), Bo(c))$
( $B_{0}(G)_{\tau}B_{0}$ (G))-
$\mathcal{M}(1)\otimes_{B_{0}()}HN(1)=B_{0}(G)\oplus \mathrm{S}\mathrm{o}\Pi 1\mathrm{e}$ ( $B_{0}(c)$ , B0(G))-
( $B_{0}(H),$ $B_{0}$ (H))-
$N(1)\otimes_{B\mathrm{o}(G)}\mathcal{M}(1)=B_{0}(H)\oplus \mathrm{s}\mathrm{o}\mathrm{l}\mathrm{n}\mathrm{e}$ ( $B_{0}(H)$ , B0(H))-
6.1 Stable equivalence of Morita type
$\triangle(P)=\{(\mathit{9}, g)|g\in P\}$
$P$ $Q$ $\mathcal{M}(Q)$ $F$ [$C_{G}(Q)$ $\cross$ CH(Q)]-
95
vertex $\triangle(P)$ $B_{0}(C_{G}(Q))$ –
$N(Q)$ [1] , $[15],$ ( $[1_{l}^{7}]$
) $-\otimes_{B\text{ }(G)}\mathcal{M}(1)$ $B_{0}(G)$ $B_{0}(H)$ stable
equivalence of Morita type
: $B_{0}(G)$ $B_{0}(H)$ $-\otimes_{B_{0}(c)}\mathcal{M}(1)$ $-\otimes_{B_{0}()}H$
$N(1)$ stable equivalent of Morita type
$P$ $Q$ $B_{0}(C_{G}(Q))$
$B_{0}(C_{H}(Q))$ $-\otimes_{B_{0}(}C_{G}(Q))\mathcal{M}(Q)$ $-\otimes_{B\mathrm{o}(C_{H(}},Q$)) $N(Q)$
$F$ $-\otimes_{B_{\text{ }(G)}}\mathcal{M}(1)$
$-\otimes_{B(H)}\mathcal{N}\text{ }(1)$ Green — ([17], [1] )
6.2
Step 12. $P$ $P$
$:P=\langle x\rangle\cross\langle y\rangle$ $x,$ $y$ $Diag\{1,1, \omega, \omega\}q$
$\mathrm{G}\mathrm{L}(4, q^{2})$- $xy$ $Diag\{\omega, \omega^{q}, \omega, \omega^{q}\}$ $\mathrm{G}\mathrm{L}$ ( $4$ , q2)-
$\mathrm{G}\mathrm{L}(4, q)$ $N_{G}(P)$ 3- $\mathcal{M}(1)$ $N(1)$ Stable equiv-
alent of Morita type $P$ 2
$\langle x\rangle,$ $\langle xy\rangle$
96
Step 13. $B_{0}(\mathrm{G}\mathrm{L}(2, q))$ $B_{0}(Z_{q^{2}2}-1^{\rangle\triangleleft}z)$ $Q=$
$\langle x\rangle,$ $C_{G}(Q)\cong Z_{q^{2}-1}\cross \mathrm{G}\mathrm{L}(2, q),$ $CN(Q)\cong Z_{q^{2}-1}\cross(Z_{q^{2}-1}\rangle\triangleleft Z_{2})$
$Z_{c_{\mathit{1}^{2}}1}-\rangle\triangleleft Z_{2}\text{ }$ $\mathrm{G}\mathrm{L}(2, q)$ Linckelmann
$L_{1}=Z_{q^{2}-1}\lambda Z_{2}$
$B_{0}(\mathrm{G}\mathrm{L}(2, q))$- $D_{F}(1,$(2) $)=S_{F}(1,$(2) $)$ $D_{F}(1,$(1) $)\cong$
$S_{F}(\omega,$(1) $)$ $B_{0}(L_{1})\cong B_{0}(Z_{3}\rangle\triangleleft Z_{2})$
$B_{\mathit{0}}(L_{l})$- $I_{L_{1}}$ $1_{L_{1}}$
([16, p. 301, Lemma 2.2]) Theorem 6.2
$B_{0}(\mathrm{G}\mathrm{L}(2, q))$ $B_{0}(L_{1})^{\text{ } }-\otimes B\text{ }(\mathrm{G}\mathrm{L}(2,q))$
$\mathcal{M}_{1}$
$-\otimes_{B\text{ }(L_{1}}$ ) $N_{1}$
Step 14. $B_{0}(\mathrm{G}\mathrm{L}(2, q^{2}))$ $B_{\mathit{0}}((Zq^{2}-1^{\mathrm{X}z)}q-21\lambda Z2)$
$Q=\langle xy\rangle$ $G_{2}=C_{G}(Q)\sim=\mathrm{G}\mathrm{L}(2, q^{2}),$ $L2=c_{N}(Q)\cong$
$(Z\cross Z2q^{2_{-1}}q-1)\dot{\lambda}Z_{2}$ 3 $|q^{2}-1$
L.Puig [10] $B_{0}(\mathrm{G}\mathrm{L}(2, q^{2}))$ $B_{0}(L_{2})$
$-\otimes_{B_{\text{ }(}}\mathrm{G}\mathrm{L}(2,q)2)\mathcal{M}(Q)$ $-\otimes_{B_{0}(L_{\mathit{2}})}N(Q)$
$B_{0}(G)$ $B_{0}(N_{G}(P))$ $-\otimes_{B_{0}(c)}\mathcal{M}(1)$
Stable equivalent of Morita type
97
Step 15. 3 $||q_{1}+1,$ $q2+1$ $q_{1},$ $q_{2}$ $\mathrm{G}\mathrm{L}(4, q_{1})$
$\mathrm{G}\mathrm{L}(4, q_{2})$ i $=1,2$
$\mathrm{G}\mathrm{L}(4, q_{i})$ Sylow 3- $B_{\mathit{0}}(N_{G_{1}}(P_{1}))\cong$
$B_{\mathit{0}}((Z_{3}\cross Z_{3})\rangle\triangleleft D8)\cong B_{\mathit{0}}(N_{G}\mathit{2}(P_{2}))$ $1_{1,\wedge-\backslash _{G_{1}}^{\vee}}\cdot(P_{1})$
$1_{1,N_{G_{2}}(P_{2})}$
$B_{0}(Nc\mathrm{T}1(P\mathrm{t}))$- $B_{\mathit{0}}(Nc_{2}(P_{2}))-$
$q_{i}$ $D_{F}(1, (3,1))$ Green Top
$1_{1,N_{G_{1}}(P_{1}}$ ) $1_{1,N_{G_{2}}}(p_{2})$
$\mathrm{m}\mathrm{o}\mathrm{d} (B_{0}(N_{G_{1}}(P1)))$ 111od $(B\mathrm{o}(Nc_{\mathit{2}}(P_{2})))$ $\mathcal{G}$
$B_{0}(Nc_{1}(P_{1}))\cong_{B_{0}(}Nc_{2}(P2))$
$1_{1,N_{G_{1}}(P_{1}})$ $1_{1,N_{G_{2}}(P_{2}}$ )
$B_{\mathit{0}}$ ( $Nc_{1}$ (PPl))-
$B_{0}$ ( $Nc_{2}$ (P2))-






$\sqrt\vee 1\text{ }$ Linkehnann
(i.e.
98






$D_{F}(1,$(5) $),$ $D_{F}(1, (3,2)),$ $D_{F}(1,$(2) $),$ $DF(1, (2,1^{2})),$ $DF(1,$(1) $)$
5 ‘ $-Z$ $\mathrm{G}\mathrm{L}(4, q)$
$\mathcal{M}(Q)$ $B_{0}(G)$ $B_{\mathit{0}}(N_{G(}P))$ $\mathcal{M}(1)$




$n=4$ 5 $G=..\mathrm{G}\mathrm{L}(n, q)-$ $G=C_{G}(P)SL(n, q)$
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